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@ A multi-layered optical disk comprising a plural- 
ity of recording layers accumulated in the thickness 
direction wherein a light beam is focused on one of 
tracks of one of the layers thereby to record and 
reproduce data, the optical disk being characterized 
in that recording layers each have an identification 
section storing an address of the recording layer 
which the identification section belongs to. 
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MULTI-LAYERED OPTICAL DISK 



BACKGROUND OF THE INVENTION 



(1) Reid of the Invention 

This Invention relates to an optical disk used 
for data recording and reproduction, especially to a 
multi-layered optical disk liaving multiple recording 
layers. 



(2) Description of the Prior Art 

In recent years, this type of optical disks have 
been developed actively due to the large memory 
capacity and high access speed. An optical disk 
shown in Rg. 1 has been proposed in order to 
further increase the memory capacity. 

This optical disk 12 comprises three recording 
layers 8a through 8c formed of a photochromic 
material such as spyropyrene, the layers being 
interposed between a pair of bases 1 3. The record- 
ing layers 8a through 8c have sensitivity peaks in 
wavelengthsXi through Xs (Rg. 2). respectively 
while allowing lights having the other wavelengths 
to transmit therethrough. 

Data recording and reproduction is done in the 
following way. A light is emitted from a light source 
9, such as a laser, which varies wavelengths, and 
focused Into an extra fine light beam by a focusing 
optical system 10, thereafter the light is illuminated 
on the disk 12. The light is transmitted through the 
recording layers 8a, 8b and 8c and is detected by 
a light detector 1 1 provided on the other side from 
the light source 9. 

Data recording will be described in more detail. 
If the light emitted from the light source 9 and 
illuminated on the disk 12 has a wavelength X2, it is 
transmitted through the recording layers 8a and 8c 
but is absorbed into the recording layer Bb, where- 
by a data is recorded in the layer 8b. 

For data reproduction, only the data recorded 
in the layer 8b can be retrieved by illuminating a 
light of \z. 

As apparent from the above, memory capacity 
is increased by providing more recording layers. 

However, providing more recording layers en- 
larges the total thickness of the recording layers. In 
order to record and reproduce data In such a thick 
disk only by use of wavelength difference without 
detecting exact positions of the layers, the light 
beam should have quite a large diameter, which 
prevents high density recording. 

Also, the large light beam diamotor causes 
crosstalks between neighboring tracks. 



SUMMARY OF THE INVENTION 

Accordingly, the present invention has an ob- 
ject of offering a nrjulti-layered optical disk which 

5 detects an exact position of each recording layer 
for minimizing the diameter of the light beam and 
thus remarkably enhancing the recording density. 

This invention has another object of offering a 
multi-layered optical disk which prevents crosstalks 

TO between neighboring tracks and layers. 

The above objects are fulfilled by a multi- 
layered optical disk comprising a plurality of re- 
cording layers accumulated in the thickness direc- 
tion wherein a light beam is focused on one of 

75 tracks of one of the layers thereby to record and 
reproduce data, the optical disk being character- 
ized in that recording layers each have an iden- 
tification section storing an address of the record- 
ing layer which the identification section belongs 

20 to. 

The identification section may store an address 
of the track which the identification section belongs 
to. 

The tracks of two of the layers neighboring in 
25 the thickness direction may be shifted against each 
other in the radial direction by half of a track pitch. 

The optical disk may have two recording lay- 
ers. 

The tracks each may comprise a plurality of 
30 sectors. 

The sectors each may have an identification 
section, which stores addresses of the recording 
layer, the track and the sector which the identifica- 
tion section belongs to. 
35 The identification sections may be shifted 

against one another in the tracking direction. 



BRIEF DESCRIPTION OF THE DRAWINGS - 

40 

These and other objects, advantages and fea- 
tures of the invention will become apparent form 
the following description thereof taken In conjunc- 
tion with the accompanying drawings which lllus- 
45 trate specific embodiments of the invention. In the 
drawings: ' . . 

Fig. 1 is a view showing a construction of a 
conventional multi-layered optical disk along 
with a data recording and reproduction appara- 
50 tus; 

Rg. 2 is a view showing a wavelength spectrum 
recorded on the above optical disk; 
Fig. 3 is a vertical cross sectional view of a 
multi-layered optical disk as a first embodiment 
of this invention; 
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Fig. 4 is a plan view of the optical disk of Fig. 3; 
Rg. 5 Is a view showing a construction of an 
identification section of the optical disk of Fig. 3; 
Fig. 6 is a vertical cross sectional view of a 
multi-layered optical disk as a second enr^bodi- 
ment of this invention: 

Rg. 7 is a plan view of the optical disk of Rg. 6; 
Rg. 8 is a vertical cross sectional view of a 
multi-layered optical disk as a third embodiment 
of this invention; 

Fig. 9 is an enlarged view of one track of Rg. 8; 
and 

Fig. 10 is a vertical cross sectional view of a 
multi-layered optical disk as a fourth embodi- 
ment of this invention. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 



EMBODIMENT I 



A first embodiment of this invention will be 
described referring to Figs. 3 through 5. 

As shown in Fig. 3, a multi-layered optical disk 
1 comprises upper and lower base plates 2 op- 
posed to each other, a first recording layer 3 
superposed on a lower surface of the upper base 
plate 2, a second recording layer 4 superposed on 
an upper surface of the lower base plate 2 and a 
spacer 5 made of UV resin for prohibiting the 
recording layers 3 and 4 from contacting each 
other. The layers 3 and 4 have known pit construc- 
tions. 

As shown in Fig. 4, the recording layers 3 and 
4 .comprise a plurality of concentric tracks 6a and 
6b, respectively (the tracks are shown in parallel for 
convenience in Rg. 4). The tracks 6a and 6b are 
shifted against each other in the radial direction by 
half of a track pitch R. Each track is divided into a 
plurality of sectors S, each of which has an iden- 
tification section (referred to as IDq for the track 6a 
and as IDb for the track 6b) and a data field DF for 
storing data. As shown in Fig. 5, each identification 
section IDg or IDb comprises a section SYNC for 
synchronizing clocks, an address mark AM indicat- 
ing a start of an address signal^ a track address 
TA. a sector address SA and a recording layer 
address LA. 

The multi-layered optical disk 1 is produced by 
fomiing the recording layers 3 and 4 on the base 
plates 2 having projecting portions and then adher- 
ing the base plates 2 with an adhesive made of UV 
resin (the adhesive is solidified into the spacer 5). 
The spacer 5 is desirably as thin as possible but a 
thickness of 10 to 100 urn is acceptable. The 
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projecting portions allow the layers 3 and 4 each to 
have the known pit construction. 

A data is recorded in the multi-layered optical 
disk 1 in the following way. Rrst, a desired record- 

5 ing layer 3 or 4 is retrieved by reproducing the 
recording layer addresses LA of the disk 1. Sec- 
ond, a desired track 6a or 6b is retrieved by 
reproducing the track addresses TA of the re- 
trieved layer. Third, a desired sector S is retrieved 

70 by reproducing the sector addresses SA of the 
retrieved track. Rnally, a data is recorded in the 
data field DF of the retrieved sector S. 

If a layer whose address is reproduced is not 
the desired one in the above first retrieval, the 

75 following operation is carried out to retrieve the 
desired one. The light beam is defocused and 
illuminated on the disk 1 while changing the posi- 
tion of the focus. Each time the light beam is 
transmitted through the layers 3 or 4, an S curve is 

20 formed to indicate a focusing error. The zero cross 
point of each S curve is detected until the same 
number of zero cross points as the ordinal number 
of the desired layer is detected. The ordinary num- 
ber is determined as follows: when the layer 4 is 

25 the reference layer, the layer 4 is the first layer and 
the layer 3 is the second layer. When the above 
number of zero cross points are detected, namely, 
when the desired layer is retrieved, the light beam 
is focused again and the identification section IDa 

30 or IDb is read out for confirming that the desired 
layer is retrieved. 

The desired track TAi is retrieved in the follow- 
ing manner. When a track address TA2 is repro- 
duced, the position of TA2 is compared with the 

35 position of the desired track address TAi . and the 
head of the light beam is moved by a linear motor 
until it reaches the desired track address TAi - 
(rough retrieval). If the desired track address TAi is 
confirmed, the operation advances to the next step 

40 of retrieving the desired sector S. If not. all the 
track addresses TA2 are reproduced one by one 
by the tracking actuator until the head reaches the 
desired track address TAi (fine retrieval). 

The desired sector S is retrieved by comparing 

45 the desired sector address SAi and a read address 
and by rotating the optical disk 1 until the head 
reaches the desired sector address SAi . 

Data reproduction is done in the same manner 
as data recording. 

50 Since the recording layers 3 and 4 comprise 

identification sections IDg and IDb. respectively, 
having the recording layer addresses LA in this 
embodiment whichever layer the light beam is 
focused and tracking on can be accurately de- 

55 tected. Even if the number of recording layers are 
increased to enlarge the total thickness of the lay- 
ers, highly precise recording and reproduction is 
realized with high density. Providing a track ad- 
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dress TA in each identification section allows easy 
confirmation of the desired track. 

Moreover, the tracks 6a and 6b are shifted 
against each other in the radial direction by half of 
the track pitch Pt. Practically speaking, therefore, 
the light beam is never illuminated on the adjacent 
recording layer, greatly preventing crosstalks be- 
tween neighboring identification sections and be- 
tween neighboring data fields. 



EMBODIMENT II 



The second embodiment of this invention will 
be described referring to Figs. 6 and 7. The same 
elements share the same numerals with Embodi- 
ment I and their explanation will be omitted. 

This embodiment is distinct from Embodiment I 
In that the identification sections IDs and IDb are a 
little shifted against each other in the tracking di- 
rection. Desirably, the identffications ID^ and IDb 
are not overlapped when seen in the radial direc- 
tion . 

In addition to the advantages of Embodiment I, 
this construction further prevents the light beam 
from illuminating neighboring identification sections 
simultaneously and thus further restricting cros- 
stalks. 



EMBODIMENT III 



A third embodiment of this invention will be 
described referring to Figs. 8 and 9. 

As shown in Rg. 8. the optical disk 1 com- 
prises three recording layers 7a through 7c. The 
. layers 7a through 7c have identification sections 
IDli. IDl2 and IDls, respectively. The layer 7c also 
has track/sector identification sections IDts. by 
which tracks and sectors are identified. The tracks 
of the layers 7a through 7c are not shifted but are 
aligned in the thickness direction. Each track/sector 
identification section IDjs identifies a group of 
tracks and sectors which are aligned in the thick- 
ness direction. The layers 7a through 7c each have 
the known pit construction. 

As shown in Rg. 9, the track/sector identifica- 
tion section IDjs has a pit pitch Pi . the identifica- 
tion sections 10^. IDls and IDl3 each have a pit 
pitch P2, and the data field DF has a pit pitch P3, 
the pit pitches having the relationship Pi>P2 = P3. 
Practically. Pi is set so that the recorded data may 
be reproduced well enough if the light beam is 
focused on either one of the layers 7a, 7b and 7c 
(for example. Pi is Sum or less). P2 and P3 are set 
so that .the recorded data is reproduced well 
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enough when the light beam Is focused on the 
specified layer 7a, 7b or 7c (for example. P2 and 
Ps are each 0.8 um). In other words, the 
track/sector identification section IDrs can be read 

5 out rf only the light beam is focused on either one 
of the layers while the identification sections IDti, 
IDl2 and IDls can be read out if the light beam is 
focused on the specified layer. 

How to access each layer, for example, the 

10 reconding layer 7a. will be described hereinafter. In 
this embodiment, the layer 7c is the reference 
layer and the ordinal number of the layer 7a is 
known. 

A light beam is focused on the layer 7c when a 
75 specified number of zero cross points of the S 
curves as focusing error signals are detected, and 
the identification sectiori IDi.3 is read out to confirm 
that the light beam is focused on the layer 7c. 
Then, when a certain number of zero cross points 

20 are detected, the light beam is focused on the 
layer 7a. The certain number is obtained by sub- 
tracting one from the ordinal number of the layer 
7a The identification section IDu is detected to 
confirm that the light beam is focused on the layer 

26 7a. Thereafter, the track/sector identification sec- 
tions IDts are detected one by one until the desired 
track and then the desired sector are retrieved. 

in the above construction, no other signal is 
recorded in any portion of the layers 7a and 7b, the 

30 portion being perpendicularly opposed to the 
track/sector identification section IDt^; and the 
identification sections IDu, IDls and ID^a have too 
small pit pitches to read out unless tiie light beam 
is focused on the desired layer. Therefore, this 

35 embodiment greatiy prevents crosstalks in addition 
to having the advantages of Embodiment I. More- 
over, since the tracks of different layers are not 
required to shifted against one another by half the 
track pitch, productivity of the optical disks is in- 

40 creased. 



EMBODIMENT IV 

45 

A fourth embodiment of this invention will be 
described referring to Rg. 10. The same elements 
share the same numerals with Embodiment III and 
their explanation will be omitted. 

50 This embodiment is distinct from Embodiment 

111 in that the identification sections IDli, ID^ and 
IDl3 are a little shifted against one another in tiie 
tracking direction. Practically, the identification sec- 
tions IDu, IDl2 and IDls are off from the 

55 track/sector identification section IDts by distances 
Ti, T2 and T3. respectively. Desirably, Ti minus T2 
or T2 minus T3 is the same or larger than a length 
of IDli. IDl2 and IDl3 each in the tracking direction. 

4 
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Since'the identification sections IDm, IDl2 and IDl3 
have the sanne pit constructions as those of Em- 
bodiment IN, the track/sector identification section 
IDts can be read out if only the light beam is 
focused on either one of the layers while the iden- 
tification sections IDu. IDls and IDl3 can be read 
out If the light beam is focused on the specified 
layer. .The layer 7a can be accessed in the same 
manner in Embodiment III. 

in this embodiment, sine© the identification 
sections IDu, IDlz and IDls are shifted against one 
another in the tracking direction, the light beam is 
prevented from illuminating neighboring identifica- 
tion sections simultaneously. As a result this em- 
bodiment further restricts crosstalks in addition to 
having the advantages of Embodiment III. 

Although the tracks comprise sectors in the 
above four embodiments, data may be recorded all 
along the tracks. 

In the above embodiments, the recording lay- 
ers have sensitivity peaks in different wavelengths. 
However, the disk may comprise layers formed of 
an usual optomagnetic material such as TbFeCo or 
a phase change material such as GeSbTe. 

Although the present invention has been fully 
described by way of embodiments with references 
to the accompanying drawings, it is to be noted 
that various changes and modifications. will be ap- 
parent to those skilled in the art. Therefore, unless 
otherwise such changes and modifications depart 
from the scope of the present invention, they 
should be construed as being included therein. 



Claims 

1 . A multi-layered optical disk comprising a plural- 
ity of recording layers accumulated in the thickness 
direction wherein a light beam is focused on one of 
tracks of one of the layers thereby tQ record and 
reproduce data, the optical disk being character- 
ized in that recording layers each have an iden- 
tification section storing an address of the record- 
ing layer which the identification section belongs 
to. 

2. A multi-layered optical disk of Claim 1 , wherein 
the identification section stores an address of the 
track which the identification section belongs to. 

3. A multi-layered optical disk ol Claim 1, wherein 
the tracks of two of the layers neighboring in the 
thickness direction are shifted against each other in 
the radial direction by half ot a track pitch. 

4. A multi-layered optical disk of Claim 3, wherein 
the optical disk has two recording layers. 

5. A multi-layered optical disk of Claim 1, wherein 
the tracks each comprise a plurality of sectors. 

6. A multi-layered optical disk of Claim 5. wherein 
the sectors each have an identification section, 



which stores addresses of the recording layer, the 
track and the sector which the identification section 
belongs to. 

7. A multi-layered optical disk of Claim 1, the 
5 identification sections are shifted against one an- 
other In the tracking direction. 
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Fig. 1 Prior Art 
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Fig. 2 Prior Art 
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Fig. 5 
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Fig. 7 
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Fig. 8 
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Fig. 10 
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@ A multi-layered optical disk connprising a plural- 
ity of recording layers accumulated in the thickness 
direction wherein a light beam is focused on one of 
tracks of one of the layers thereby to record and 
reproduce data, the optical disk being characterized 
in that recording layers each have an identification 
section storing an address of the recording layer 
which the identification section belongs to. 
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